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INTRODUCTION : 
, SHEET NUMBER -1- 
Present  gyro spin a x i s  bearings are designed with a porous r e t a i n e r  manu- 
factured from a paper based phenolic material. 
o i l  r e se rvo i r  and are f i l l e d  only once, p r i o r  t o  f i n a l  shipment from the  bearing 
manufacturer by vacuum impregnating t h e  r e t a i n e r  w i t h  t h e  desired o i l .  
These r e t a i n e r s  a r e  used as an 
All 
-. 1 - _ L  r e t a i n e r  materials were purchased from the  Synthane Corporation. * * I  
The sa tura ted  r e t a i n e r  i s  centrifuged t o  remove excess or sur face  o i l .  
centr i fuging is  required t o  reduce t h e  p o s s i b i l i t y  of o i l  f looding t h e  gyro 
components, which would r e s u l t  i n  i n s t a b i l i t y  of  t h e  gyro assembly. 
a compromise i s  required to have a gyro bearing with: 
s t a n t  torque. 
This 
Therefore, 
(1) long l i f e ;  (2 )  con- 
To achieve these  objec t ives ,  MRC proposed the  use of  low energy films f o r  
coat ing t h e  r e t a i n e r  e x t e r i o r  surfaces  t o  cont ro l  t h e  migration and bleedout 
of t he  impregnated o i l .  
0 
Retainers  were made t o  t h e  Par t  Pr in t  shown on page 19. 
SUMMARY: 
Several  combinations of phenolic mater ia l ,  paper and r e s i n s ,  have been t e s t ed  
by a new method of determining bleed r a t e s  and pa t t e rns  of o i l  re leased from 
the  r e t a i n e r s .  Two of t hese  mater ia ls  have absorption and bleedout r a t e s  more - -. 
des i r ab le  than the  r e t a i n e r s  supplied i n  t h e  l4.4 bearings of t h e  NAS 8-5441 
cont rac t .  
Two commercial types of resin-bonded fluorocarbon low energy films were used 
for coating r e t a i n e r  0.D.t~ and faces  t o  r e t a r d  the  o i l  bleedout. Testing of  
these  coatings i n  the  assembled bearing t e s t  has shown t h a t  t he  bleed r a t e s  of  0 
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.i t hese  r e t a i n e r s  a r e  20 percent l e s s  txlan the  same type r e t a i n e r s  without t h e  
coat ing.  A problem of bonding the  f lmrocarbon t o  t h e  r e t a i n e r  s t i l l  ha5 not  
been mastered. Flaking off of the  f lmrocarbon was noted i n  some t e s t s .  
Whether or not  t h i s  condition would haye a detr imental  e f f e c t  on the  gyro 
performance i s  only conjectural  a t  t h i s  wr i t ing ,  s ince  it has not  been 
es tab l i shed  whether f l ak ing  occurred during operation o r  during assembly. 
The t e s t  procedures used i n  this inves t iga t ion  resu l ted  i n  o i l  bleeding from 
the  r e t a i n e r  1.6X f a s t e r  i n  the  assembled bearing than it does when the  r e t a i n e r  
i s  ro ta ted  about i t s  own a x i s  a t  t h e  same g-load and ambient temperature. 
PROCEDURE : 
ScoDe of Invest igat ion:  
A t e s t  f i x t u r e  was fabr ica ted  which would dupl ica te  as c lose ly  a s  possible  t h e  
a c t u a l  running of  t h e  r e t a i n e r  i n  t h e  bearing assembly and s t i l l  observe t h e  
o i l  bleedout pa t t e rns .  
No. 2 showing a close-up of a portion of t h e  r i g  with a r e t a i n e r  i n  a bearing 
assembly . ) 
0 
(See Photo No. 1 showing the  whole t e s t  r i g ,  and Photo 
The t e s t  f i x t u r e  w a s  designed so that: 
1. 10 bearings or 10 r e t a i n e r s  could be t e s t e d  a t  one time. 
2. Temperature could be monitored continuously. 
3 .  External  heat  could be applied. 
4. Speeds would be constant a t  15,000 or 21,000 RPM. 
5. Bearing preloading was variable. 
6.  O i l  re leased from t e s t  specimens could be weighed, observed and used as 
museum pieces  if so required.  
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7. 
8. 
9. 
V i s u a l  observations could be made during operation. 
The f ixture  w a s  s m a l l  enough t o  be placed i n  a control led environment. 
Photographs could be taken of  o i l  bleedout pa t te rns .  (See Photo No. 4 . )  
A l l  design object ives  were achieved. 
cen ter  of  t h e  r ace  f o r  assembly t e s t ing  i n  S tep  #2 (see below). 
screening tests w a s  divided in to  two  s t eps .  All r e t a i n e r s  were subjected t o  
S tep  #1 which i s  a means o f  determining what effect cen t r i fuga l  force  has on 
t h e  impregnated o r  re ta ined o i l .  
i n g  t h e  bleedout pa t te rns  and rates of t h e  r e t a i n e r  i n  a n  assembled bearing. 
s e l ec t ion  o f  two types of retainers f o r  t e s t i n g  i n  S tep  #2 was based on high 
absorpt ion and low bleed ou t  rates. 
as percentages. 
The ou te r  r i ngs  were cu t  i n  ha l f  along t h e  
The r e t a i n e r  
Step #2 was a method of  studying and ascer ta in-  
Our 
A l l  r a t e s  were based on volume and recorded 
The o i l  used i n  a l l  tests was Teresso V-78. 
S tep  #1 and S tep  #2 t e s t s  were conducted on normal impregnated r e t a i n e r s  and on 
r e t a i n e r s  which had been coated w i t h  low energy f i lms i n  an attempt t o  cont ro l  
bleedout. Test ing of normal, uncoated r e t a i n e m i s  r e fe r r ed  t o  as Section A i n  
t h e  text. Testing of coated re ta iners  i s  re fer red  t o  as Sect ion B. 
The procedure f o r  t e s t i n g  r e t a ine r s  i n  S tep  #l follows: 
1. The r e t a i n e r s  were impregnated with o i l  per MRC Spec. Sheet 1540-A (at tached 
page U,, Steps 1 t h r u  6) .  
r e t a i n e r  processing i n  t h i s  contract ,  Phase I, 11, and 111. 
Sheet 1540-A revea ls  t h e  e n t i r e  procedure f o r  
2. A l l  r e t a i n e r s  were then placed i n  a des s i ca to r  f o r  s torage and t ranspor t .  
The dess ica tor  was used t o  reduce t h e  p o s s i b i l i t y  of  t he  r e t a i n e r  absorbing 
moisture from t he  atmosphere. 
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0 3. The test r i g  without r e t a ine r s  was pre-run f o r  24 hours t o  s t a b i l i z e  t h e  
temperature a t  16OOF. 
4. The test r i g  was stopped and t h e  tes t  r e t a i n e r  was placed on t h e  arbor.  
(See Photo No. 3 . )  
r e t a i n e r  face. There w a s  a diametrical  clearance of .001" between arbor  
O.U,  and r e t a i n e r  i . D ,  
I t  wes secured by l i g h t l y  t ightening t h e  screw on t h e  
5 .  A clean c l ea r  g l a s s  v i a l  o r  bonnet w i t h  an I . D .  of E3 mm was placed over t h e  
r e t a i n e r  t o  be t e s t ed  as shown, MRC Dwg. #R-52004-E, page 15. A l l  o i l  which 
leaves t h e  re ta iners  during spin tests was col lected on t h e  vial  3.D. 
v i a l s  were used t o  a sce r t a in  bleed r a t e s  and pa t te rns  as described i n  items 
9 and 10. 
The 
6. The d r ive  motor was started and t i m e  recorded. 0 
7. The r e t a i n e r  was spun a t  15,000 RPM f o r  24 hours. 
r o t a t i o n a l  speed o f  r e t a i n e r  i n  t h e  bearing assembly. 
The RPM equals t h e  
8 .  The d r ive  motor was stopped and t h e  v i a l  and r e t a i n e r  were placed i n  t h e  
cess ica tor .  
9. The v i a l  was weighed and weight recorded. 
sizes, distance between row8 of drople t s ,  photos taken, are on f i l e  i n  our  
records. 
Other da ta  such as o i l  d rople t  
10. A l l  o i l  was removed from v i a l  1.9. and t h e  v i a l  weighed again. The d i f -  
ference between t h e  weight of v i a l  w i t h  o i l  and weight o f  v i a l  w i t h  t h e  o i l  
removed is t h e  value used t o  determine bleed rate of t h e  r e t a ine r .  
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0 Assembly of t h e  test f i x t u r e  
The t e s t i n g  sequence w a s  as follows: 
Step 2 is sXIown i n  MRC Dwg. R-52004-l.E, page 16. 
1. Retainers  were impregnated with o i l  per MRC Spec. Sheet 1540-A, Steps 1 t h r u  
6. 
2. A 1 1  bearing components were cleaned, s tored and transported i n  a dess ica tor .  
3.  The bearing w a s  matched to  t h e  proper contact angle. 
The outer  r i n g  had been cut i n  half along the  center  o f  t h e  race  so t h a t  o i l  
bleed out  pa t t e rns  can be monitored more closely.  
4. Test r i g  without r e t a i n e r  was pre-run f o r  24 hours t o  s t a b i l i z e  temperature. 
5 .  Complete test bearing was assembled i n t o  t h e  tes t  r i g .  
Preload was applied through hole and spr ing  i n  the  shaft (MRC Dwg. R-52004-U). 
0 
6.  
7. A clean and c l e a r  g l a s s  v i a l  o r  bonnet WRS placed over the  bearing t o  catch 
t h e  o i l  as it is  released from the r o t a t i n g  bearing assembly. 
8.  The d r ive  motor was s t a r t e d  and the  time recorded. RPM of the  driven ou te r  
r i n g  was 21,000 RPM. 
9.  Test was terminated a f t e r  24 hours. 
10. The v i a l  and r e t a i n e r  were placed i n  the  dess ica tor .  
11. The v i a l  weight was measured and recorded. 
s i z e s ,  d i s tance  between rows of drople t s  and photos were taken. 
are on f i l e  i n  our records.  
Other da t a  such as o i l  d rop le t  
All da ta  
0 
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12. A 1 1  oil was removed from v i a l  1,D. and t h e  v i a l  weighed again. The d i f fe rence  
between t h e  weight o f  the v ia l  with oil and weight after cleaning o f f  t h e  o i l  
is t h e  value used to determine bleed rates of t h e  r e t a ine r .  
Material Testine: - Ster, 1. Section A 
There were 100 retainers fabricated in  10 l o t s  of 10 specimens each. 
t a i n e r s  from each l o t ,  however, were t e s t ed  i n  S tep  1. 
Step  1, Section A ,  we observed t h a t  t h e r e  were two rows of o i l  d rople t s  on v i a l  
I.D.qs. The dis tance  between these rows was equal t o  t h e  diameter of t h e  b a l l  
pockets. 
Only 5 re- 
During t h e  t e s t i n g  i n  
Retainers  are l i s t e d  i n  order  of best absorption and lowest bleedrates  i n  t h e  
following TEST CATA, and not i n  chronological order. 
TEST DATA 
#1 - MRC I~t#6-92413-2 
Material: (a) XX Natural Tubing from .OO4" t h i ck  In te rna t iona l  Mills Paper 
(b) Normal Specif ic  Gravity = 1.17 min. 
( c )  Resin 2681 
Results: Absorption - L o w  4.0% 
High 5.4% 
Ave . 4.4% 
Yleedout - Low 5.5% 
High 18.0% 
Ave. 10% 
. 
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#2 - MRC Lot 6-92L12-2 
Material: (a) 2U Natural Tubing from .OOAtl thick Internat ional  Mills Paper 
(b) Lou Specific Gravity I less than 1.17 
(c)  Resin 2681 
Results: Absorption - Low 3.7% 
High 5.0% 
Ave. 4.1% 
Bleedout - Low 8.7% 
High 18 .OB 
Ave .13.0% 
#3 - MRC Lot #S-92U-2 
Material: (a) Tubing from .004t1 thick Krafelt Paper 
(b) Normal Specific Gravity = 1.18 min. 
( c )  Resin 2681 
Results: Absorption - L o w  1.9% 
High. 2.7% 
0 
Ave. 2.3% 
Bleedout - LOW '7.0% 
High 12.0% 
Ave. 12.2% 
#4 - MRC Lot #X-50709-1 
Material: MRC MS-A02 (supplied i n  Phase I, I1 6 I11 bearings t h i s  contract)  
(a) Tubing from .00411 thick Krafelt Paper .. 
(b) Normal Specific Gravity = 1.18 min. 
(c )  Resin 1680 
Results: Absorption - Lou 4.1% 
High 4.5% 
Ave. 4.3% 
Bleedout - L o w  18.08 
High 23.08 
Ave. 21.0% 
PROPOSAL 1540 
REPORT - PHASE il . 65 - 
# ? -  
0 
SHEET NUMBER -8- 
MRC Lot 6-92116 
Material: (a) LBB-3 Tubing - Cotton fabric  weight 3 0 2 .  per sq. yd. 
Thread count 96 x 100 
(b)  Normal Specific Gravity - 1.25 min. 
(c )  Resin 4.869 
Results: Absorption - L o w  2.2% 
High 3-98 
Ave. 3.4% 
Bleedout - L6w 16.0% 
High 29.0% 
Ave. 22.0% 
MRC Lot  #S-9PL12-1 
Material: (a )  XX Natural Tubing from .004t1 thick Krafelt  Paper 
(b) 
(c) Resin 2681 
Normal Specific Gravity = 1.17 min. 
Results: Absorption - L o w  1.9% 
High 2.69 
Ave. 2.1% 
Bleedout - L o w  16.0% 
High 32.0% 
Ave. 22.0% 
MRC Lot 6-92L13-1 
Material: (a )  
(b) 
XX Natural Tubing from .004t1 thick Internat ional  Mills Paper 
Normal Specific Gravity = 1.17 min. 
.. 
( c )  Resin 3112 
Results: Absorption - Low 1.3% 
High 1.4% 
Ave. 1.37% 
Bleedout - Low 28.0% 
High 40.0% 
Ave. 35 .OS 
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Material: ( a )  Tubing from .0027511 th ick  Krafelt  Paper 
(b) Normal Specific Gravity z 1.22 min. 
( c )  Resin Mixture o f  3913 and 2681 
Results: Absorption - Low 0.58 
High 1.1% 
Ave. 0.8% 
Bleedout - Low 51.0% 
High 91.0% 
Ave. 63% 
A(s - MRC Lot #s-92L12-2 
Material: (a) XX Natural Tubing from .00411 thick In te rna t iona l  Mills Paper 
(b) High Speci f ic  Gravity = 1.22 min. 
#lo - 
0 
( c )  Resin 2681 
Results: Absorption - Low 0.7% 
High 1.3% 
Ave. 1.08 
Bleedout - L o w  14.0% 
High 30.0% 
Ave. 20.0% 
MRC Lot 6-92L12 
Material: (a) 
(b) 
( c )  Resin 2026 
XX Natural Sheet stock from .OIOw thick Krafel t  Paper 
Normal Specific Gravity = 1.32 min. 
Results: Absorption - L o w  0.3% 
High 0.6% 
Ave. 0.46% 
Bleedout - LOW 79.0% 
High 100.0% 
Ave . 90% 
This mater ia l  had the  best  visual appearance when viewed under a micro- 
scope a t  30X magnification. 
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Step  $1. Section B Testing 
Three coatings were applied t o  t h e  G.D. and faces  of standard r e t a ine r s  i n  an 
attempt t o  control  bleedout r a t e .  
two of  uhich were r e s i n  bor,ded low energy f i l m s  and t h e  o the r  wes a varnish.  
Test conditions were t h e  sane as t h q t  i n  S tep  #I. In  t h e  first three tests, 
coat ings were applied befort vacuum impregnation. 
These were commercially ava i lab le  coatings,  
mc Lot kX-50709- 1 
Trade name of coating: Fhralon 310 (Product of  Acheson Colloids) 
Results: Absorption - Low 3.3% 
High 4.9s 
Ave. 4.1% 
Bleedout - Low 1.5% 
Nigh 3.5% 
Ave. 2.59 
! 
MRC Lot #X-50709-1 
Trade name of coating: Emralon 315 (product o f  Acheson Colloids) 
Results: Absorptim - Low 4.3$ 
Iligh 4.4% 
Ave. 4.35% 
B l e t  (:'out - Low 3.0% 
Hig' 7.0% 
Ave. 3.5% 
Trade name: Durad h i , , s  and i%isture  Resis tant  Varnish Y-169 
(producs of Mans c Naldstein,  Newark N. J . ) 
R e s u l t  s: Absorption - Low 1.6% 
High 3.1% 
Bleedout - L o w  2.09 
Ave. 2.35% 
,High 25.0% 
Ave . 14.09 
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To determine t h e  most advantageous sequence of operation with h r a l o n  310, 
f u r t h e r  tests were performed. 
coated. Resul ts  were as follows: 
Again, only the  r e t a i n e r  O.D. and faces  were 
MRC ht #X-507f)9-1 
Coated before impregnation 
Results: Absorption - L o w  2.29 
High 3.09 
Ave. 2.6% 
Eleedout - L o w  16.0% 
High 16.4% 
Ave. 16.2% 
No f lak ing  off of tht: green Eanralon 310 w a s  noted. 
MRC Lot f i - 5 0 7 0 9 ~ 1  
J 
0 Coated after impregnation 
Results: Absorption - Low 3.49 
High 3 . 8 %  
Ave. 3.69 
Bleedout - No o i l  d rop le t s  found under 50X magnification. 
This ve r i f i ed  previous t e s t i n g  a t  M-R-C. 
Analysis of  tests from S tep  1, Sections A and €3 indicated t h a t  retainers from 
Lot 6-924.13-2 should be coated w i t h  h r a l o n  310 after o i l  impregnation and t e s t e d  
i n  S tep  2. 
Step  #2 Tests 
The first tests i n  t h i s  s t e p  were conducted t o  determine what e f f e c t  r o t a t i n g  
b a l l s  would have on the  o i l  bleedout rates of  r e t a i n e r  ma te r i a l s  t e s t ed  i n  S tep  #l. 
The l o t s  of r e t a i n e r s  were: 
. 
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MRC Lot  #S-9243-2-2 
Resul ts  : Absorption - Low 4.1% 
High 4.3% 
Ave. 4.2% 
Bleedout - b w  18.5% 
High 24.5% 
Ave. 21.59 
MRC Lot #S-9Zl3-2 
Results : Absorption - Low 4.2% 
High 4.4% 
Bleedout - Low U.O% 
High 25.0% 
Ave. 4.3% 
Ave. 20.0% 
Note: 
' 0  
(1) These r e t a i n e r s  had an average d i f fe rence  i n  bleed rates of 3% 
as tes ted  i n  Step #l. They have an average d i f fe rence  of 1 1/2% 
i n  t h i s  t e s t ing .  
( 2 )  Bleedout r a t e  of these  r e t a i n e r s  i s  approximntely 1.6 times 
g rea t e r  than it was i n  S tep  fl, so a r o t a t i n g  and spinning bal l  
i n  t he  r e t a ine r  b a l l  pocket a c t s  l i k e  a pump on t h e  impregnated o i l .  
As previously s t a t ed  i n  t h e  analysis of  S tep  #l, Sections A and B, r e t a i n e r s  from 
Lot  #S-92413-2 were impregnated and coated with Eanralon 310. 
add i t iona l  r e t a ine r s  from t h e  Lot  #X-50709 were a l so  processed and t e s t ed  under 
S tep  #2, Section B conditions.  
For a comparison 
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bt &50709-1 
Coating: h r a l o n  310 .001" thick 
Results: Absorption - Low 4.69 
High 4.6% 
b e .  &.,6$ 
Bleedout - Low 11.0% 
High 13.08 
Ave. 12.09 
Note: The h r a l o n  coating has reduced the  bleedout of these  r e t a ine r s  9% 
below t h e  bleedout r a t e  of t h e  r e t a ine r s  i n  S tep  #l t e s t i n g .  Total  
reduction of o i l  bleedout of  these r e t a ine r s  based on tests i n  a 
bearing would be 1.6 x 21% - l2g  = 21% reduction. 
MRC Lot #S-92L13-2 
Coating: Einralon 310 .O0O5l1 thick 
Results: Absorption - Low 3.0% 
High 3.1% 
Ave. 3.05% 
Bleedout - Low 11% 
High 19% 
Ave. l& 
Note: The Fhralon coating had come o f f  t h e  O.D. o f  t h e  r e t a i n e r  i n  various 
areas. The coating has, however, retarded t h e  bleedout 6% when 
compared t o  same tests run i n  S tep  #2 without coating. 
. 
Although the  discharged p a r t i c l e s  o f  coating had not obviously in t e r f e r r ed  with 
bearing operation, t h i s  is a highly unsat isfactory condition. 
t r o l l i n g  bleed rate cannot be used f o r  bearings i n  gyros un t i l  t he  p o s s i b i l i t y  of 
This method of  con- 
coeting loss 
that t h i s  i s  
0 
is  eliminated. 
a f r u i t f u l  a rea  f o r  f u r t h e r  work. 
The results of t he  l imited t e s t i n g  t o  da t e  ind ica t e  
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of  re ta ined o i l  is W5 and is recorded on t h e  da t a  sheet:  W5 = W4 - W1. 
M-R-C SDecification Sheet 1540-A 
3ETAINiW PREPARATION AND LGBRICATION 
( A s  supplied under N . A . S .  Contract #8-5441) I 
1. Retainer  Cleaning - The re ta iner  s h a l l  be thoroughly cleaned of foreign 
material and residue.  
damage t h e  r e t a ine r .  
The cleaning process s h a l l  not  physically o r  chemically 
2, Retainer Drying - Immediately pr ior  t o  lubr icant  impregmition, t h e  r e t a i n e r  
s h a l l  be thoroughly vacuum dried t o  insure  t h e  complete removal of maisture. 
3. Retainer  Lh?r rjeight - Immediately following t h e  vacuum dry  operation, record 
t h e  r e t a i n e r  weight on t h e  da t a  sheet (Wl). 
4. Impremation - The  following l i m i t s  were conformed t o  during t h e  impregnation 
process. 
( a )  Vacuum - The vacuum shall not  exceed 0.10 microns of Flg a t  70°F or 
250 microns o f  3g a t  17O0F. 
sh ip  for other  temperature-vacuum values. ) 
(Assume R s t r a i g h t  l i n e  r e l a t ion -  
(b)  Temperature - The temperature shall not  exceed 2 i 5 O E ' .  
0 5 .  Absorbed O i l  - After impregnation, t h e  r e t a i n e r  s h a l l  be centrifuged a t  400 GIs f o r  5 minutes a t  mom temperature. 
cen t r i fuge  operation, determine the  t o t s 1  weight of t he  r e t a i n e r  and absorbed 
o i l  (Wz). 
Immediately following the  400 G 
The weight of absorbed o i l  i s  W3 and is recorded on t h e  da t a  sheet:  
k 3  = w2 - w1.  
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PIiDToNo. 1 
Multiple Spindle Test Rig 
(Set-up for r o t a t i n g  r e t a i n e r s ,  S t ep  #l condi t ions)  
- - 
PmTO N0.-2 - 
Close-up V i e w  of  Test Rig Showing Retainer 
Assembled i n  a Bearing, Step #2 Conditions 
(Bearing has half of outer removed.) 
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Pmm NO. 3 
Close-Up View o f  T e s t  Rig Showing Set-Up for 
Step  #l Conditions 
(Arrow points t o  r e t a i n e r )  
PHOM NO. 4 
Magnified V i e w  o f  Retainer Bleed Out Pa t t e rn  
(Actual drop le t  s i z e  var ies  from .OO3" t o  .020" diameter.) 
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ABSTRACT : 
0 Twelve experimental l o t s  of spin axis bearings,  involving nine d i f f e r e n t  raceway 
f i n i s h e s ,  were manufactured by MRC under sponsorship of NASA, George C. Marshall 
Space F l i g h t  Center. 
Marlin-Rockwell Company personnel took part i n  t he  post mortem analyses of bearing 
failures. 
t i o n  of prerun and postrun bearing measurements, l i fe  test  da t a ,  and f a i l e d  bearing 
analyses ,  it has been possible  t o  a r r i v e  a t  t h e  following conclusions: 
Following dynamic t e s t i n g  of  t h e  bearings i n  gyro assemblies, 
From t h e  combination o f  knowledge of manufacturing techniques, documenta- 
1. Three methods of f in i sh ing  sp in  ax i s  bearing raceways produce superior  
performance and l i f e  under marginal l ub r i ca t ion  conditions.  
2. Bearing l i f e  cannot be correlated with high l u s t e r  ( l i g h t  r e f l e c t i v i t y )  under 
magnified v i sua l  observation nor with geometry of  t h e  race  i n  t h e  low microinch 
range. 
3. Measurement d a t a  from instruments such as the  Uavometer, Andemmeter, 
Profilometer,  and Proficorder are most u se fu l  for process and contamination 
cont ro l  and h i s t o r i c a l  records, r a t h e r  than as t h e  f inal  c r i t e r i a  f o r  pre- 
d i c t i n g  bearing l i fe .  However, these  values can be u t i l i z e d  with more cons is ten t  
r e s u l t s  than possible  with a control  by visual spec i f i ca t ions  only. 
4. Bearings with unid i rec t iona l ,  c i rcumferent ia l  sur face  f i n i s h  lay performed 
b e t t e r  than those with i r r egu la r  or cross-the-race lay .  
Additional work w a s  done on control l ing the  o i l  bleed rate from t h e  impregnated 
r e t a i n e r s .  The results demonstrate t h e  promise of this approach toward improving 
bearing l ife,  but f u r t h e r  development i s  necessary before  it can be incorporated 
i n t o  opera t iona l  gyros. 
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INTRODUCTION : 
This  work is  a part of  NASA's search f o r  more r e l i a b l e ,  longer-lived aerospace 
components. 
ments provide the  s t a b l e  reference axes from which a l l  d i r ec t ions  and a t t i t u d e s  
are measured, once t h e  spacecraf t  is i n  f l i g h t .  Consequently, a spacecraf t  
guidance system cannot perfonu i t s  h c t i o n  without properly operat ing gyros. 
A most c r i t i c a l  spacecraft  component i s  t h e  gyro. These in s t ru -  
A gyro cons is t s  of  a small, high speed e l e c t r i c  motor, mounted on a sp in  axis  
bearing. The bearing i s  a two r o w  unit  with inner  races normally ground i n t o  
an i n t e g r a l  shaft. 
provided by bleedout of o i l  f rom t h e  previously impregnated r e t a ine r s .  
basic requirements f o r  sp in  axis bearing operation i s  t h a t  its torque and d r i f t  
rate must be very low. 
The ou te r  race ro t a t e s .  A l l  lubr ica t ion  f o r  the  bearing i s  
The 
Any appreciable change i n  bearing torque cons t i t u t e s  
failure. 
The e x i s t i n g  sp in  axis bearing i s  a culmination of  a great dea l  of  development 
work on race geometries and o i l  impregnated r e t a ine r s .  
been wide var ia t ions  i n  ind iv idua l  performance and no clear understanding of 
r o l e s  which various parameters play. 
t he  e f f e c t  of various race  surface f i n i s h e s  and lays on bearing performance. 
However the re  has st i l l  
NASA sponsored t h i s  program t o  determine 
Raceway f i n i s h  was believed t o  a f f e c t  sp in  axis bearing operat ion i n  a number 
of ways. 
must be conducive t o  smooth, p rac t i ca l ly  f r i c t i o n l e s s  ro ta t ion .  Because of 
t h i s ,  racewayfinishmethods which produce a high l u s t e r  have been favored. 
may be considered a ncosmeticn approach, 
created by methods which promote metal smearing or surface lamination. 
bearing operat ion,  a sur face  including smeared metal can breakdown, c rea t ing  
roughness. 
F i r s t  o f  a l l  it was recognized that t h e  basic geometry of t h e  surface 
This 
However, a very shiny f i n i s h  can be 
During 
An extremely lus t rous  f i n i s h  may not  support a hydrodynamic o i l  f i lm  
a 
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as w e l l  a s  s l i g h t l y  rougher surfaces.  
ca ta lys ing  lubr icant  de te r iora t ion  i s  not  ful ly  understood. 
I n  addi t ion ,  t h e  r o l e  o f  the  f i n i s h  i n  a 
Because of t he  subjec t ive  nature  of visual examination f o r  surface f i n i s h  
q u a l i t y ,  bearing manufacturers use vibrat ion measuring and p r o f i l e  measuring 
instruments t o  gauge effects of various processes. 
derived by these  means permit more object ive comparison of  f in i sh ing  methods, 
but none of t h e  measured parameters co r re l a t e s  concisely with ac tua l  gyro 
bearing l i fe .  
of  co r re l a t ion  because o f  t he  high degree of documentation and the  deliberate 
v a r i a t i o n  and innovation which were provided i n  raceway f in i shes .  
The quan t i t a t ive  da t a  
It w a s  hoped t h a t  this program might overcome t h e  ex i s t ing  lack  
The bas ic  objec t ive  of t h e  program was achieved. 
were demonstrated t o  produce cons is ten t ly  long l i f e  and c e r t a i n  general  treat- 
ments were proved super ior  t o  others.  
however, it has no t  been possible  t o  c o r r e l a t e  spec i f i c  instrumentation readings 
with l i f e .  
permissible  i n  geometry o r  vibrat ion l e v e l s  f o r  sp in  axis bearings. Instrument 
noise  a t  50,000 amplif icat ion on the  Proficorder ,  f o r  example, tends t o  obscure 
sur face  f i n i s h  var ia t ions  of  a f e w  microinches. Also, t h e r e  i s  no way of 
microscopically examining the  surface of a spin axis bearing ou te r  race without 
sec t ion ing  t h e  ring. Hence, metallographic examination of  bearings before t es t  
was necessar i ly  l imi ted  t o  inner r ings and balls. 
Certain raceway f in i shes  
I n  s p i t e  of  a very thorough documentation, 0 
One basic cause of  this is  t h e  extremely small range of values 
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PROCEDURE: 
The manufacturing program was set up t o  provide twelve l o t s  of twelve bearings 
each, divided i n t o  three phases. 
Bearings conformed t o  G C M S E ' s  drawing number GC 425376. 
shown on Marlin-Rockwell Company Drawing numbers R51891-lE and R51891-2E, 
respect ively.  
See pages 5 e.& 6 .  
than 30' i n  one assembly. 
Outer and shaft are 
These bearings a r e  designated X54200 by Marlin-Rockwell Company. 
Y"eslgn coritact angle i s  2W +la, with no var ia t ion  greater 
Phase I consisted of t he  production o f ' one  l o t ,  manufactured and f inished t o  
Marlin-Rockwell Company's established procedure f o r  spin a x i s  bearings. 
Phase I1 and Phase I11 bearings were a l l  produced from t h e  same heat of 52100 
consumable electrode vacuum m e l t  s t e e l  f o r  inners  and outers. 
wez'e t r ea t ed  as a s i n g l e  l o t  up t o  the  f i n a l  raceway f in i sh ing  process. 
t h e  s h a f t s  and outers  were divided in to  eleven equal l o t s  by random se lec t ion .  
I t  w a s  found that a s i n g l e  s i z e  of b a l l  would f i t  a l l  bearings,  
a l l  balls were from t h e  same heat of s teel  and same bal l - lap load. 
w e r e  made from t h e  same l o t  of  phenolic mater ia l .  
between l o t s  were reduced t o  those induced by race f in i sh ing  procedures. 
These components 
Then 
Therefore, 
A l l  r e t a i n e r s  
I n  t h i s  way the  var iab les  
Phase I1 consisted of f in i sh ing  e ight  l o t s  using a d i f f e r e n t  method f o r  each 
l o t .  
dynamic tests, a t  Eclipse-Pioneer Division of Bendix Corporation under NASA 
sponsorship. 
incorporated i n t o  t h e  three remaining l o t s  of bearfngs (Phase 111) 
After these  had been completed, they were assembled i n  g y m s  and run i n  
Those f i n i s h e s  which performed most s a t f s f a c t o r i l y  were then 
Each f i n i s h  has been designated by a le t ter  of t h e  alphabet.  
the referen- l o t ,  i s  r e fe r r ed  t o  as Lot A and i ts  f i n i s h  as nAtt .  
l o t s  of Phase I1 are refer red  t o  4s Lots B through I, with corresponding f i n i s h  
Phase I bearings, 
The e igh t  
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designat ions.  
procedures as cer ta in  o f  t h e  Phase I1 l o t s ,  there  are no new designations i n  
t h i s  group, except t h a t  one l o t  received a combination o f  two d i f f e ren t  processes 
and t h e  effect is referred t o  as "DB f in i shf1 .  
Since the  Phase I1 bearings were subjected t o  t h e  same f in i sh ing  0 
One i t e m  which has received considerable a t t e n t i o n  i s  the  effect of contamination 
of raceways by embedded residue from pol ishes ,  e t c .  Such residue may cont r ibu te  
t o  roughness and break loose  during dynamic operation, r e su l t i ng  i n  increased 
torque. 
< 
T h i s  material may a h 0  catalyse a chemical reac t ion  within t h e  o i l ,  
r e s u l t i n g  i n  polymerizatfon and ultimate l o s s  of  lubr ica t ion .  To check t h i s  
p o s s i b i l i t y ,  samples of  a l l  f in i sh ing  abrasives  were obtained and ro l l ed  between 
hardened pieces o f  52100 steel. 
polar ized l i g h t  and photographed a t  lOOX t o  200X magnification. 
The r e s u l t i n g  embedding was studied under 
With t h i s  
information as reference,  a l l  inner races were examined for abrasive contamination 
under polarized l i g h t  and high magnification. Since t h e  only way t h a t  t h e  ou te r  
r i ngs  could be so examined required cu t t ing  them i n t o  pieces f o r  viewing, sample 
r ings  were f inished f o r  each l o t  and des t ruc t ive ly  examined, 
A l a r g e  number of f i n i s h i n g  processes were considered before t h e  e igh t  of  
Phase I1 were selected.  
complete analysis  was made on a p i l o t  l o t  of four  bearings by t h e  various q u a l i t y  
con t ro l  techniques used a t  Marlin-Rockwell Company, 
time consuming, it eliminated many o f  t h e  o r ig ina l ly  proposed processes. 
example, electrochemical machining was considered, but tests indicated that 
geometry var ia t ions  were far too wide f o r  gyro qua l i t y .  
Before a raceway f in i sh ing  method was approved, a 
Although t h i s  method was 
For 
Individual  races were measured f o r  waviness and var ia t ion  between "peaks" and 
"valleys" i n  t h e  f i n i s h  by Wavometer and Profilometer which have v isua l  read-outs, 
and Proficorder.  The Proficorder produces a chart with one-dimensional 
0 
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amplif icat ion up t o  50,OOOX end has become Marlin-Roekwell Company's standard 
instrument f o r  f i n a l  check-out of waviness and sur face  f i n i s h  f o r  both p r o f i l e  
and circumferential  measurements. 
a 11/32" diameter ball  was s e t  as ide  and checked on t h e  Proficorder a f t e r  t h e  
measuring of  each l o t  o f  bearings. 
0 
To a s su re  t h e  r e l i a b i l i t y  o f  t h i s  instrument, 
I t  w a s  found that instrument noise  and lack  
o f  r e so lu t ion  tend t o  obscure the t i ny  differences between specimens. I n  
corder signal fo r  t h e  same input. 
An Anderometer was used t o  measure noise l e v e l  o r  v ibra t ion .  This instrument 
measures r a d i a l  displacement o f  t h e  outer  r i n g  wnen t h e  s h a f t  i s  turned a t  
*:- 
1800 RPM under l i g h t  t h r u s t  load. Three  separate band-pass f i l t e r  c i r c u i t s  
tend t o  segregate t h e  var ious vibration components which contr ibute  t o  o v e r a l l  
noise.  It w a s  found that minimum noise does not  c o r r e l a t e  with longest l i f e .  
A s  bearing h t s  A through I were completed they were shipped t o  NASA, Huntsvil le.  
The individual  bearings were assembled i n t o  gyros and tes ted  by Eclipse-Pioneer 
Division of Bendix Corporation. The scope of  Marlin-Rockwell Company's work was 
increased t o  provide f o r  ana lys i s  of f a i l e d  bearings and t o  study means of  
con t ro l l i ng  t h e  bleed rate of" o i l  impregnated r e t a i n e r s ,  
Phase I V  and Phase V r e spec t ive ly ) ,  
(This  work is  designated, 
On t h e  basis of l i f e  tes t  da t a  plus examina- 
t i on ,  it was possible  t o  assign ranks t o  t h e  individual  f i n i s h e s  and t o  specify 
f i n i s h e s  f o r  t h e  t h r e e  l o t s  of* Phase 111. 
The first l o t  of Phase I11 bearings combined the  des i r ab le  geometrical c h a r a c t e r i s t i c s  
of Lot D with t h e  f i n i s h  produced i n  Lot B, and hence was designated "DB". The 
o the r  two l o t s ,  were i d e n t i c a l  i n  f i n i s h  t o  Lots I and C, respec t ive ly ,  and serve 
t h e  a d d i t i o n a l  purpose o f  proving the r e p e a t a b i l i t y  of t h e  process cont ro ls  over 
an elapsed period. About 18 months passed between t h e  f i n i s h i n g  of Lots C and I 
i n  Phase I1 and Lots C-2 and 1-2. 
0 
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m L  - 
A U G  various surface f i n i s h  methods may be described as follows: 
0 
Lot A - Races were s t r i n g  polished with 700 g r i t  abrasive,  
Lot B - Races were s t r i n g  polished with 700 g r i t  abrasive.  This surface 
However, Lot B bearings f i n i s h  vas i d e n t i c a l  w i t h  that o f  Lot A .  
incorporated an attempt a t  improved geometry through t h e  use of an 
improved center  hole gr inder ,  
Lot C - Races were honed across  t h e  race  (perpendicular t o  t h e  d i r ec t ion  of a 
r o l l i n g  ball) using a honing s tone containing a mixture of  900-1200 
g r i t  
Lot D - Races uere  honed around t h e  race  ( p a r a l l e l  t o  t h e  d i r ec t ion  o f  a 
r o l l i n g  ball) using a honing s tone containing a mixture o f  900-1200 
g r i t .  
Lot E - Races were honed around the r ace  using a honing s tone  containing 1500 
g r i t  e 
Lot F - Races uere honed a t  an angle t o  t h e  d i rec t ion  o f  t h e  race so t h a t  a 
cross-hatch pa t te rn  was produced on t h e  race. 
included angle of  60° w i t h  center  l i n e s  p a r a l l e l  t o  t h e  d i r ec t ion  o f  a 
r o l l i n g  ball  on t h e  race.  
900-1200 g r i t  
The pa t te rn  had an 
The honing s tone contained a mixture of  
Lot G - Races were tumbled with Carbo-Brite No. 6 chip,  
Lot H - Races were f i r s t  s t r i n g  polished with 700 g r i t  abrasive.  Following 
polishing, races  were shot peened by Metal Improvement Company, 
Hackensack, N.J. Glass shot s i z e  was .G02P-.0029t1 with peening done 
a t  an Almen i n t e n s i t y  of  008N2, 
0 
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Lot I - Races were s t r i n g  polished by 700 g r i t  abrasive,  then Harperized. In  a t h e  la t ter  process, rings were tumbled i n  Ti tan  28 abrasive under a 
22G load. 
Lot DB - Races were first subjected t o  the D-type flnish with the  around-the-race 
honing, The B-type string polfsh was then applied t o  t h e  races. 
Lot C-2 - b c e s  recefved the C - t y p e  f i n i s h ,  
Lot 1-2 - Races received t h e  I-type f i n i s h ,  
I n  a l l  f in i shes ,  with the  exception o f  type G, stock removal averaged ,00015" to  
.O003" on diameter 
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RESULTS AND DISCUSSION: 
Proficorder  char t s ,  photographs o f  magnified race surface a reas ,  and measurement 
da t a ,  are included i n  t h e  Appendix t o  this repor t .  The polar  Proficorder char t s  
shown are from one representat ive bearing from each l o t .  
i nne r  raceways of a shaft are traced on t h e  same cha r t ,  
The surfaces of  both 
One of  t he  outer  races 
and t h e  external  sur face  of  t h e  same r i n g  are traced on another char t .  
i r q p l a r i t i e s  are inaq~ified s o  Chat each r a d i a l  spacing equals .000005". 
Surface 
The Proficorder  t r a c e  permits measurement of surface f i n i s h  roughness and waviness, 
plus  eccen t r i c i ty  and out-of-roundness, The individual  char t s  are marked ind ica t -  
ing  t h e  s p e c i f i c  out-of-roundness (abbreviated 0 .O 3, 
ecc.) for t h e  particular bearing. 
and eccen t r i c i ty  (abbreviated 
Eccentr ic i ty  of an outer  r ace  r e fe r s  t o  its 
r e l a t ionsh ip  t o  the  bearing O.D., w h i l e  t h e  eccen t r i c i ty  of  t h e  s h a f t  raceways 
refers t o  t h e i r  r e l a t ionsh ip  t o  each other .  
Highly magnified photographs of a l l  f in i shes  (except A which is  basically t h e  same 
as B) are presented along with the  representat ive Proficorder char ts .  Each 
photograph i s  of an inner  raceway, since it i s  impossible t o  obtain a straight-on 
view of an outer  race without sectioning t h e  r ing.  The o r i g i n a l  photographs were 
taken by Eclipse-Pioneer Division of Bendix Corporation, and have proven very 
valuable i n  analysing t h e  e f f e c t  of d i f f e r e n t  processes on surface f in i sh .  
The l i n e a r  Proficorder char t s ,  Appendix pages A-30 through A-32 demonstrate t h e  
changes produced by various processes on Lot DB, 
demonstrate t h e  e f f e c t  p i c to r i a l ly .  
The photographs on page A-29 
Measurement da t a  and average e n d m n c e  lives o f  a l l  l o t s  are included on page A-39 
of t h e  Appendix. 
lowest readings obtained from process cont ro l  and f i n a l  assembly instruments f o r  
any bearing i n  t h e  pa r t i cu la r  l o t ,  
"High" and llLowfl l i s t i n g s  on the  t a b l e  ind ica t e  highest  and 
0 
Roughness i s  defined as peak t o  valley va r i a t ion  
MARLIN-RmK WELL COMPANY DMSlolv OF TRW INC * JAMESTOWN. N. r. 14701 
SHEET NUMBER -12- 
with a .030fn cut-off around-the-race, 
more than ,030" t o  complete are defined a s  wavhess. 
Variations which requi re  an in t e rva l  of 0 
Retainer  da ta  on page A-39 refer t o  o i l  re ten t ion  and bleed-out o f  bearing 
r e t a i n e r s .  
t h e  excess i s  described on MRC Specif icat ion Sheet 1540-A, page 14 o f  attached 
"Report - Phase V." 
The procedure f o r  impregaating a retlniner with o i l  and fcw centr i fuging 
L i f e  tes t  da ta  on individual  bearings, a s  reported by Eclipse-Pioneer Division 
o f  Bendix Corporation, a r e  l i s t e d  below. 
are primary causes of f a i l u r e ,  as determined by MRC personnel i n  post-mortem 
analyses e 
Included with them, where possible ,  
LIFE TEST DATA 
Bearing No. Hours Life 
A - l  
A - 5 .  
A 4  
A-9 
A - 1 1  
El 
E 2  
B-3 
B-5 
B-7 
Remarks 
~3 Suspended without f a i l u r e  
3174 Failed pr imari ly  due t o  contamination 
22 Failed prematurely, not examined by MRC 
413 5 Failed pr imari ly  due t o  contamination 
3328 Failed pr imari ly  due t o  contamination 
780 
362 
2814 
12620 
556 
Failed pr imari ly  due to lack  o f  l ub r i ca t ion  
Test stopped because o f  noise  i n  bearing, 
cause indeterminate 
Failed pr imari ly  due t o  r e t a i n e r  failure 
Failed - not  yet examined by MRC 
Failed pr imari ly  due t o  contamination 
c-5 4505 S t i l l  running, 6-10-66 
C-6 10447 S t i l l  running, 6-10-66 
c-7 10474 S t i l l  running, 6-10-66 
c-9 11133 S t i l l  running, 6-10-66 
C - 1 1  0 Test Stopped because of  noise,  caused by raceway f i n i s h  
D-2 
D-3 
D-4 
D-6 
0-8 
D-10 
2273 Failed primarily due t o  contamination 
432 Failed primarily due t o  contaminaCion 
1550 Failed, pr imari ly  due t o  contamination 
3440 Failed , primari ly  due t o  contamination' 
1420 Failed, cause indeterminate 
0 Test stopped, bearing was damaged (br ine l1ed)pr ior  t o  t e  
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Bearing Eo. 
E-2 
E-? 
E-8 
F-1 
F-2 
F-9 
G - l  
G-2 
c-5 
H-2 
H-3 
H-5 
1-3 
1-4 
DB-4 
DB-6 
DB-7 
DB-8 
(c-2) -21 
(c-2) -22 
(C-2) -26 
(C-2) -29 
Hours L i f e  
937 
595 
0 
0 
98 
0 
40 
357 
1038 
400 
107 
455 
w 4  
3789 
2204 
2200 
1127 
1525 
1301 
2120 
1223 
2379 
Failed , primarily due t o  damage (br ine l l ing)  
Failed, primarily due t o  contamination 
Test stopped, bearing w a s  damaged (br ine l led)  
Failed due t o  raceway f i n i s h  
Failed due t o  raceway f i n i s h  
Failed due t o  raceway f i n i s h  
Failed due t o  raceway f i n i s h  
Failed due t o  raceway f i n i s h  
Failed due t o  raceway f i n i s h  
Failed due t o  raceway f i n i s h  
Failed due t o  raceway f i n i s h  
Failed due t o  raceway f i n i s h  
S t i l l  running, 6-10-66 
Failed pr imari ly  due t o  raceway f i n i s h  as indicated 
by high readings on Anderometer Low Band. 
S t i l l  running, 6-10-66 
S t i l l  running, 6-10-66 
S t i l l  running, 6-10-66 
S t i l l  running, 6-10-66 
S t i l l  running, 6-10-66 
S t i l l  running, 6-10-66 
S t i l l  running, 6-10-66 
S t i l l  running, 6-10-66 
I n  a r r i v i n g  a t  t h e  average lives shown on page A-39 of t h e  appendix, t h e  following 
bearings have been omitted: A-6, C-11,  D-8, and E-8. Cause of t h e  in fan t  failure 
of A-6 i s  unknown. Bearing C-11 was re jec ted  a t  Eclipse-Pioneer because of  a high 
noise  l e v e l ,  which was caused by the  raceway f in i sh .  
would have operated s a t i s f a c t o r i l y  i s  not es tabl ished.  
Anderometer readings, but no higher than those o f  bearing C-9 which i s  s t i l l  running 
s a t i s f a c t o r i l y .  
Whether o r  not  t h i s  bearing 
It had r e l a t i v e l y  high 
Bearings D-8 and E-8 both were damaged p r i o r  t o  test .  
No average l i f e  value i s  f eas ib l e  for  Lot B because of t h e  tremendous range of  
l i v e s  and t h e  number of  f a i l u r e s  unrelated t o  raceway f i n i s h .  
for Lot E is probably unre l iab le ,  due t o  damage t o  two of  t h e  bearings after ship- 
ment from Marlin-Rockwell Company, 
The average l i f e  0 
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The s igni f icance  of  contamination as a cause of  spin axis bearing 1”Liilrii-e c-ict 
be r e a d i l y  assessed, pa r t i cu la r ly  i n  a raceway f i n i s h  evaluation. 
of t h i s  comparison it i s  assumed tha t  some contamination a f t e r  t h e  bearing leaves 
t h e  manufacturer is a normal hazaard, and that a bearing must be ab le  t o  withstand 
it. It i s  reasonable t o  assume that some raceway f in i shes  W i l l  t o l e r a t e  8 l imi ted  
quan t i ty  of foreign material while others w i l l  not.  
f a i l u r e s  which include contamination as primary cause are included i n  r a t i n g  t h e  
f i n i s h e s ,  although some u n i t s  may have been subjected t o  a f a i r l y  l a rge  amount. 
FQr purposes 
Therefore a l l  bearing 
It is  impossible t o  test  these  bearings dynamically without introducing extraneous 
f a c t o r s ,  
one f a c i l i t y ,  t o  see i f  t h e  same f i n i s h e s  r e a c t  i n  t h e  same general  manner under 
d i f f e r e n t  assembly procedures. 
I n  t h i s  regard i t  would be of i n t e r e s t  t o  tes t  bearings a t  more than 
It has not been possible  t o  cor re la te  specific measurements and instrumented da ta  
with long bearing l i fe ,  although some parameters appear c r i t i c a l  i f  ce r t a in  limits 
are exceeded. The l imi t ing  values f o r  t h e  apparently s i g n i f i c a n t  parameters are 
not  c l e a r l y  defined; indeed, t h e  t rue  cause of shor t  bearing l i f e  is probably an 
in t e rac t ion  between two o r  more parameters. Unforkunately i t  has not been possible  
t o  t e s t  even half‘ of t h e  bearings dynamically, However, examination g f  da ta  shee t s  
f o r  ind iv idua l  t e s t ed  bearings generally reveals  no reasons for differences i n  l i f e  
between specimens i n  t h e  same l o t .  (Bearing (2-11 is a poss ib le  exception since i t s  
geometry and noise  l e v e l  were poorer than averages for t h e  l o t . )  
0 
There i s  l i t t l e  co r re l a t ion  between average torque measurements of  assembled gyros 
and l o t  l i f e  i n  this program, 
have shor t e s t  l i f e  but t h e  l o t  w i t h  t he  next-to-the-highest torque (Lot D) performed 
moderately w e l l ,  
torques 
The l o t  with highest  average torque (Lot F) did 
Also, one of t h e  poorest l o t s  (Lot W) had one o f  t he  lowes t  
0 
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Io general ,  Lots I1 and E had the beat gwtnefry as evidenced by Out-of-Round, 
Eccent r ic i ty ,  and Idavometer measurements. Lot E bearings showed pmr l i f e  while 
Lot D performance was moderate. 
Out-of-Round and Eccent r ic i ty  readings. 
l i f e .  
Out-of-Roundness and Eccent r ic i ty  values are not  s ign i f i can t .  
L o t  C had t h e  poorest geometry, on t h e  basis of  
However, Lot C bearings have very good 
It seems obvious t h a t ,  within t h e  range of values observed i n  t h i s  program, 
The lo t s  with rough f in i shes  md m l t f d i r e c t i m a l  lays performed poorly. 
bearings had highest  readings f o r  Roughness, Wavometer High Band, and Anderometer 
Medium and High Band. 
or more times those of any of t h e  other lots. 
values f o r  these  parameters it is n o t  f e a s i b l e  t o  rank t h e  var ious f in i shes .  
These 
I n  each case t h e  average readings f o r  these  l o t s  were two 
Wfthin the  more normal range o f  
Lot DB combined t h e  exce l len t  geometry of t h e  D-type f i n i s h  with the  smooth, 
l u s t r o u s  f i n i s h  of Lot B. 
e a r l y  failures but are too incomplete t o  permit ranking, 
Resul ts  to d a t e  are promising, i n  t h a t  t he re  are no a 
During t h e  course of t h i s  program, some bearings a t ta ined  many thousands of  hours 
l i f e  and some l o t s  were consis tent  i n  t h i s  regard,  
major improvement i n  l i f e  i s  dependent on lubr ica t ion .  
amount o f  lubr icant  ava i lab le  fo r  these spin-axis bearings i s  a very few milli- 
grams. Examination o f  tes ted  bearings suggested that only a pa r t  of t h e  
t h e o r e t i c a l l y  ava i lab le  oil ever is used as a lubr icant .  
t he  retainer-to-ball-to-raceway lubr ica t ion  cycle can be a cause f o r  gyro 
i n s t a b i l i t y  and can promote contamination, 
be g r e a t l y  extended i f  t h e  ava i lab le  o i l  can be forced t o  bleed i n t ?  t h e  hall 
contact  areas a t  a c m t r o l l e d  rate. 
It appeared that f u r t h e r  
Unfortunately, t he  tqtal 
O i l  migration out  o f  
I t  is  l o g i c a l  that bearing l i f e  can 
0 Phase V of t h i s  program was s e t  up t o  inves t iga te  t h e  problem, 
work have been reported previously but are included as a separa te  sec t ion  o f  t h i s  
The r e s u l t s  o f  t h e  
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reported a t  a l a t e r  date. 
F’urther investigation is continuing under Phase VI, to be 
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WNCLUSIONS: 0 
While t e s t i n g  i s  not complete, and there  are a number of var iables  i n  t e s t i n g  
which color  results, f in i shes  may be ranked as follows, from bes t  t:, poorest: 
C, I, B o r  A, D, E, C, H, F 
Bearing l i f e  cannot be correlated with high luster nor with geometry of t h e  r ace  
i n  t h e  low microinch range. 
Lots D and E have t h e  bes t  geometry, but T L o t  C bas t h e  beat l i f e .  
of  geometry ( i n  t h e  low microinch range) t o  l i f e  is a p t l y  demonstrated by t h e  
f a c t  that Lot C general ly  had the  poorest Out-of-Round and Eccent r ic i ty  measure- 
ments of  a l l .  
The &type f i n i s h  has t he  highest  l u s t e r  while 
The i r re levance  
Unfortunately it i s  impossible t o  r a t e  Lot DB a t  t h i s  t i m e .  
t h e  exce l len t  geometry of Lot D w i t h  t h e  f i n e  B-type f i n i s h .  
This f i n i s h  combines 
The production of Phase I11 bearings has demonstrated t h e  ab i l i ty  t o  reproduce 
s p e c i f i c  bearing f in i shes  over an elapsed time. 
0 
Bearings with unid i rec t iona l  circumferential  f i n i s h  l a y  performed much better 
than those with i r r e g u l a r  o r  angular lay .  
very poor 
Performance of Lots F, G ,  and H was 
Further  work is necessary i n  the  area o f  control led lubr icant  bleed rate f o r  sp in  
axis bearings. 
a major break-through i n  extending gyro l i f e ,  
If t h e  object ives  of t h i s  work can be accomplished it w i l l  provide 
The coordination between bearing manufacturer, gyp0 manufacturer, and NASA, which 
took place i n  this program has  been most he lpfu l  i n  fur ther ing  spfn axis bearing 
technology, 
agencies has resu l ted  i n  a g rea t e r  understanding by a l l  concerned. 
The f r e e  exchange of  ideas which has occurred among the  various 
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